Acute interest in picosecond bunches revived interest in the effects of coherent synchrotron radiation (CSR) on bunch parameters.
where factor F = 0 in the tail of a bunch, z = -0, reaches the maximum value F N 1 at the center of a bunch, and F 21 -0.3 for z N tr, corresponding to energy gain of a particle in the head of a bunch. The parameter A can be estimated as the energy loss due to coherent radiation of Nb photons with the energy hw of each photon, w N c/cr.
The radiation occurs on average onr(w/w,) 'I3 times per turn, where cue = l/137, and
WC = w~>wPh3.
The z-dependence in Eq. (3) can be obtained noticing that the coherent energy loss of a particle located at the distance z from a center of a bunch (z > 0 in the head -of a bunch) is given by a spectral density of one-particle synchrotron radiation P(w):
The integral here is taken over the range of frequencies defined by Eq. (2) . .
Comparing this equation with the definition of the longitudinal wake field we get the impedance of the coherent synchrotron radiation in terms of P(w):
The power P(w) at small frequencies w << wc is The formation length of the coherent photons is: 
H = T + U(z) (9)
depends on the position of a particle z within a bunch, S = Ap/p, and T is temperature, T =< H >=< S2 >. If WCSR is a function only on z, then it modifies U(Z) changing the bunch length, but does not change the energy spread, which remains -equal to the temperature T +I .
This conclusion is based on two assumptions: first, that the CSR does not change temperature T, and, second, that Hamiltonian depends on S quadratically as in Eq.
(10). We discuss these assumptions in this paper. 
The averaging can be done by integration with the spectral density of photons ex-* pressed in terms of the total.radiated power per particle.
The rms fluctuations in a system of N particles are equivalent to N independent particles. Therefore, the diffusion coefficient is not affected by the coherent synchrotron radiation.
The average in Eq. (13) can be split in two terms: one of them gives an average energy loss per unit time and is of no interest to us provided it is compensated by the RF voltage. The second term, obtained by expansion of Eq. (9) over 6, defines ~a. Considering now the CSR, we calculate the expression in Eq. (13) using the -total radiated power per particle including CSR proportional to Nb. The resulting expression can be split now in three terms. The first term gives a constant, describing the total energy loss. The second term describes variation of the loss along the bunch proportional to Nb. Averaged,over the revolution time, it corresponds to the CSR wake field. The-third term; obtained by expansion in 6, is proportional to the average < S > and defines damping of coherent oscillations rather than damping Yd I -of one-particle motion.
The averaging of the second term over a revolution period ignores the localized character of the CSR mentioned above. In general, localized kicks may lead to diffusion similar to diffusion in dynamic systems under external periodic perturbation.
To demonstrate that we consider a ring where CSR takes _ place only locally, for example, in a special section with a large aperture and the length 1. One-particle synchrotron motion is described by equations 
For large t > 1 the motion is unstable and can be described as diffusion < S2 >= 
